INTRODUCTION
Sepsis is a significant burden on healthcare across the globe [1] . In United States, there are 970000 cases of sepsis annually [2] . In United States overall sepsis, related mortality is 12.5%. The severity of sepsis affects outcomes, with 35% mortality in septic shock [2] . Prompt diagnosis and early treatment is key to management. Any delay in antibiotics administration is associated with the worsening of sepsis severity [3] .
Martin et al [4] analyzed 2.6 million sepsis cases from the premier database in United States, for six years. Fifteen percent of patients did not manifest sepsis at the time of hospitalization. The mortality outcomes were worst in this group of patients. The group of patients with sepsis at presentation have lower mortality. This improved outcome may be attributed to the timely diagnosis and prompt antibiotics administration.
Empiric antibiotic administration within one hour of presentation has been proven to lower sepsis-related mortality [5] . Broad spectrum anti-microbial agents are selected based on the most common gram positive and gram negative bacterial infection [6] . Respiratory tract infection is the most common etiology for sepsis and septic shock [7] . Tuberculosis (TB) is an uncommon but well-recognized etiology of sepsis and is seldom discussed in the western population.
Mycobacterium tuberculosis is an acid-fast bacteria with a predominant pulmonary presentation [8] , though not a frequent cause of pneumonia in the western population. Only twenty percent of the cases have a sole extra-pulmonary manifestation [8] . The incidence of TB septic shock (TBSS) though not reported, is sporadic. The Center for Disease Control and Prevention have reported a declining incidence in the diagnosis of TB [9] . The rarity of TBSS makes this case series novel. We describe three cases of TBSS that presented in our institution. Despite the diagnosis of sepsis at presentation, case fatality rate is very high, as opposed to the general expectation in sepsis epidemiology [2] . Each case is unique with its presentation, and this case series provides an excellent opportunity to analyze the demographic features, clinical characteristics, radiologic and laboratory findings as well as the pitfalls in the management of patients with TBSS.
CASE PRESENTATION

Case 1
Chief complaint: A 67-year-old female presented to the emergency department with progressively worsening shortness of breath and fever.
History of present illness:
The patient complained of twenty pounds' weight loss over three months. She had shortness of breath, fever and productive cough for a duration of four weeks.
History of past illness: She had medical conditions of hypertension, chronic obstructive pulmonary disease, gastroesophageal reflux disease, gout and a 40-pack year history of smoking. She lived at home and had a history of exposure to TB when she was 9 years old as well as a known positive tuberculin skin test. She had never traveled outside the country.
Physical examination:
Her vital signs were significant for low-grade fever of 37.9 °C, heart rate of 110 beats per minute, blood pressure of 165/100 mm of Hg and oxygen saturation of 96% on room air. She had bilateral rales on lung auscultation and rest of the physical exam was unremarkable Laboratory examinations: Blood analysis was significant for hyponatremia (sodium 118 mEq/L) and anemia (Hemoglobin 7.3g/dL).
Imaging examinations:
Chest X-ray and computed tomography (CT) scan on admission showed bilateral patchy infiltrates predominantly in the upper lobes ( Figure 1A and B ).
Treatment: Ceftriaxone and azithromycin were initiated for community-acquired pneumonia (CAP), and she was admitted to intensive care unit (ICU) for sepsis and hyponatremia. She was also placed in respiratory isolation due to high suspicion for TB. On day 2 of admission, sputum acid fast bacilli (AFB) stain was reported positive, and the patient was started on isoniazid, rifampin, ethambutol, and pyrazinamide (RIPE) for Mycobacterium tuberculosis. Human immunodeficiency virus (HIV) test was negative. Mycobacterium tuberculosis was confirmed by polymerase chain reaction (PCR) before the final culture report. Subsequently, she became progressively more hypoxic and hypotensive requiring mechanical ventilation and vasopressor support. Chest X-ray after intubation showed worsening of bilateral lung infiltrates ( Figure  1C ). She developed multi-organ failure secondary to shock including hepatic and renal dysfunction requiring hemodialysis. Patient was also initiated on high dose steroids, and antibiotic coverage was broadened with no significant improvement in hemodynamic status.
Final diagnosis: Septic shock due to Mycobacterium tuberculosis.
Outcome and follow up: Due to poor prognosis and no improvement in the patient's condition, the family wished for transfer to hospice care and patient died on day 22 of hospitalization. Final culture and susceptibility reports confirmed sensitivity to RIPE.
Case 2
Chief complaints: A 33-year-old man was called to come to the emergency department for abnormal laboratory results.
History of present illness:
In the emergency department he reported subjective fever, poor appetite and weight loss for one month. He also reported diarrhea for past few days but no abdominal pain, nausea, vomiting, cough or shortness of breath.
History of past illness:
Patient had known history of HIV/acquired immune deficiency syndrome (AIDS) not adherent to antiretroviral medications with very high viral load and CD4 count of less than 20, past intravenous drug use and active tobacco dependence. He had history of anemia and deep vein thrombosis and was living in a nursing home for few months prior to presentation. He was born in Puerto Rico and came to the Unites States a year ago.
Physical examination upon admission:
His vital signs were significant for hypotension with blood pressure of 91/60 mmHg, tachycardia with heart rate of 130 beats per minute and fever with temperature of 39.4 °C. On physical examination he was lethargic and confused. Hypotension initially improved with intravenous fluids Laboratory examinations: Initial laboratory data was significant for leukocytosis of 31151/µL and hyponatremia (sodium 121 mEq/L). Imaging examinations: Chest X-ray on admission showed no infiltrates ( Figure 2A ). Ultrasound of abdomen was significant for hepatosplenomegaly, ascites and enlarged peri-pancreatic lymph nodes Treatment: Patient was admitted to the critical care unit with a presumptive diagnosis of sepsis and initiated on the broad spectrum antibiotics (vancomycin and piperacillin-tazobactam). He was started on metronidazole for suspected Clostridium difficile colitis. Subsequently he developed acute hypoxic respiratory failure and septic shock requiring intubation and vasopressor support. Chest X-ray after intubation showed new bilateral infiltrates ( Figure 2B ). Blood cultures were negative. He underwent lumbar puncture which showed an opening pressure of 35 cm of H 2 O, red blood cell (RBC) of 1825 cells/dL, white blood cell count of 1 cell/dL, glucose of 65 mg/dL and protein 36 mg/dL. In view of significant RBC count in cerebrospinal fluid (CSF) and high opening pressure, he was also initiated on acyclovir as empiric treatment for herpes simplex encephalitis. Broncho alveolar lavage (BAL) was negative for bacterial, viral, fungal and Pneumocystis jirovecii cultures. Initial smears for AFB were negative. The CSF bacterial cultures and herpes simplex virus PCR were negative. He was initiated on antiretroviral therapy on day 8 of hospitalization after preliminary cultures were negative. In view of persistent fever spikes and lymphadenopathy, hematology consultation was obtained and patient underwent bone marrow biopsy, and right axillary lymph node biopsy. Caspofungin was added to his antibiotic regimen for refractory septic shock and persistent fever. Bone marrow biopsy was positive for acid fast organisms. Pathology of right axillary lymph node biopsy reported as necrotizing granulomas with mycobacteria. An empiric treatment for Mycobacterium tuberculosis and mycobacterium avium complex with Isoniazide, Ethambutol, Rifabutin, pyrazinamide and clarithromycin was initiated awaiting final confirmation 
Case 3
Chief complaints: A 49-year-old woman presented to the hospital with productive cough for three to four weeks.
History of present illness:
Patient presented with worsening cough, shortness of breath and wheezing. She denied fever, chills, weight loss, recent travel or sick contacts.
History of past illness:
Her medical conditions included hypertension, latent TB (treated for 6 mo in 2007 as per patient), Asthma and smoking.
Physical examination upon admission:
Vital signs were significant for mild tachycardia with heart rate of 114 beats per minute. She was afebrile with normal blood pressure and oxygen saturation of 98% on room air. There was bilateral wheezing on auscultation and rest of the examination was unremarkable.
Laboratory examinations: Initial blood analysis revealed leukocytosis with white blood cell count of 11300 cells/µL. Her electrolytes and liver function tests were normal except a high alkaline phosphatase level of 111 unit/dL.
Imaging examinations:
Chest X-ray on admission showed a stable left upper lobe thick walled cavity and new left lower lobe infiltrates in comparison to the chest X-ray done few weeks ago ( Figure 3A) . CT of the chest was done which revealed additional left lung thick walled cavities and multiple nodules on both sides ( Figure 3B ). Treatment: Given the high suspicion for TB she was placed on respiratory isolation, and started on broad spectrum antibiotics with intravenous piperacillin-tazobactam and vancomycin. Three sputum samples were initially negative for AFB. Differential diagnoses included pulmonary TB, atypical mycobacteria and fungal infections. She underwent bronchoscopy, BAL and trans bronchial biopsy. The BAL stains were positive for AFB and mycobacterium TB was identified with DNA probe and subsequent cultures. Cultures from BAL also grew pseudomonas aeruginosa in low colony counts of 1000-9000 CFU/mL. Pseudomonas was pan sensitive. Antibiotics were titrated, with initiation of RIPE and discontinuation of vancomycin.
Final diagnosis: Septic shock due to Mycobacterium tuberculosis.
Outcome and follow up: On day 6 of admission, her respiratory status declined to require intubation for hypoxic respiratory failure and transfer to ICU. She developed worsening bilateral infiltrates ( Figure 3C ), hyponatremia (sodium 125 mEq/L) and septic shock. She remained in shock and died on day 12 of hospitalization.
DISCUSSION
There is ample literature to support the case fatality of TBSS [10] . It is evident that prompt identification and early antibiotic administration improves mortality. The mortality risk factors of TB patient who are critically ill have been identified [11] . However, given the scantiness of TBSS, no standard protocol is constructed to improve the outcomes of this rare entity. We reviewed our cases and analyzed them to determine the hurdles in the management of TBSS. To better understand the management of TBSS we divided it into several categories. This includes understanding pathophysiology of TBSS, high risk clinical features, modalities for prompt diagnosis and utility of empiric TB treatment based on clinical suspicion. TBSS is extremely rare. Kethireddy et al [10] , in a limited institutional review across the globe, could identify TBSS as etiology of septic shock in 1% of the cases in a pool of 5419 patients. A Majority of them were identified outside the United States. The incidence in United States was almost undetectable. Given the clinical rarity of TB in a low prevalence area [10] the suspicion for diagnosis is low. Hence areas of high prevalence of TB should be identified. California leads the TB incidence rate in United States, followed by Texas, New York, and Florida [12] . Over a one-year duration in New York, there was a 10% increase in the number of TB cases from 2016 to 2017 [13] . Each institution should identify their level of risk for TB based on the geography and the time trends in the incidence of TB.
Clinical features such as fever of prolonged duration, typical chest radiograph findings, latent TB as diagnosed by a positive skin tuberculin test [14] are highly suspicious for active TB infection. Akin to these clinical parameters a predictive model has been proposed for the diagnosis of TB in hospitalized patients [15] . Hence, the amalgam of high geographic prevalence along with time trends and symptomatic suspicion for active TB should be used towards the clinical acumen for early identification of high-risk cases.
An efficient testing protocol should be promptly paired with high clinical suspicion for TB to arrive at a definitive diagnosis. Pulmonary manifestations are the most common presentations. Typical chest radiologic findings have a major role in high clinical suspicion. However, it lacks specificity [16] . Chest X-ray and clinical features can be miss-interpreted as CAP [17] . Patients are frequently managed with the CAP targeted anti-microbial agents prior to diagnosis of TB [18] . Sputum microscopy with acid-fast staining, the initial step in diagnosis, is prompt and simple though at the expense of reliability due to low sensitivity [19] . The determination of pulmonary TB, as per WHO recommendation, requires demonstration of bacteria in the sputum [20] . A sputum culture is reliable, preferred and gold standard for diagnosis of pulmonary TB. However, cultures come with the expense of time and take two to six weeks for them to be reported [19] . The nucleic acid amplification testing (NAAT) in sputum is a perfect blend of swiftness and reliability [21] to derive a microbiological conclusion and to initiate the TB anti-microbial agents. The sensitivities differ in the sputum positive and negative TB patient [21] . There is an increase in the utilization of the NAAT over time [22] . There is no consensus on performing NAA for all hospitalized patients with suspected active TB. Centers for Disease Control recommends sputum NAAT on at least one sputum specimen in a patient with clinical signs suggestive of TB if the intended test changes the management by establishing the diagnosis [23, 24] .
The clinical manifestations of TB for patients with HIV induced immunosuppression are unalike to immunocompetent host. HIV infected individuals are more likely to have extra-pulmonary TB as compared to HIV negative individuals [25] . Those with lower CD4 count are more likely to have extra-pulmonary TB [26] . A wide array of the differentials for the systemic illness in patients with advanced AIDS, as in our scenario, makes the diagnosis of the disseminated TB challenging. HIV infected individuals with TB can have atypical chest radiological findings [27] , with a small proportion of them with normal chest radiographs [24] . These adversities of atypical manifestations in conjunction with uncharacteristic radiological findings in patients with HIV hinders the early administration of anti-TB medication and hence can have worse outcomes in TBSS.
The culture of empiric treatment of TB differs across the globe. We assume that the incidence and prevalence of the disease guides the trend. The term "empiric" depicts two fundamental concepts. First is the presumptive treatment for a suspicious disease while awaiting the diagnosis. Second is the presumptive regimen while expecting the culture and sensitivity. Both parameters will affect the outcomes in sepsis. Molecular drug-resistance tests is prompt in detecting the drug resistance to isoniazid and rifampicin [28] and can be used to titrate the anti-TB medication. However, given our limited experience and the rare entity of TBSS, it is difficult to opine on routine use of molecular drug-resistance tests for the management of TBSS. We performed a standard drug susceptibility testing in the management of our patients, and no drug resistance was identified.
Time is of the essence in the management of sepsis. The timing of the antibiotics is categorized as: (1) The timing from emergency room triage; and (2) Timing from the onset of sepsis or septic shock [29] . We carefully dissected Kethireddy et al [10] 's findings to review the "timing" of antibiotics administration and outcome of TBSS. The administration of the anti-tuberculous medications within 24 h of septic shock had improved mortality outcomes. In our cases, we used our clinical acumen to arrive at a prompt diagnosis of TB with appropriate susceptibility testing and timely administration of anti-TB medications. Despite optimal management, the outcomes were worst. These paradoxical findings ignited our curiosity to dig deeper into the pathogenesis of TBSS.
The systemic inflammatory response syndrome (SIRS) is defined by the host immune response in the form of four variables: Heart rate, respiratory rate, temperature and leukocytosis [30] . Given the variable immune response, there were some shortcomings to this definition of sepsis [31] . The inflammatory response can be severe enough to cause the circulatory and metabolic abnormality identified as a septic shock [32] . A prompt antibiotic administration targeting the inciting etiology of SIRS should lead to the prevention of septic shock. However, in our cases, we observed a paradoxical clinical worsening after administration of TB anti-microbial agents which may be explained by post-antibiotic immune reconstitution inflammatory syndrome (IRIS).
In our immunocompetent patients, the clinical course worsened after the initiation of anti-TB medications. In Kethireddy et al [10] 's cases and other series [33] of critically ill TB patients, we were unable to retrieve any similar observations of exacerbation of TB induced sepsis after antibiotics administration. In HIV coinfection the entity of IRIS is well recognized [34] . However, a paradoxical worsening during the anti-TB therapy may be linked to TB IRIS in the HIV negative population [35] . In HIV uninfected TB IRIS has an extra-pulmonary presentation and a chronic course [36] . The pathogenesis of TB IRIS in the non-HIV has been proposed [37] but is not widely implemented in clinical practice. TB bacillary load has been identified as one of the risk factors for TB IRIS [38] . Prednisone has been utilized for the prevention of IRIS [39] . However, there is no clear consensus on steroid use in HIV negative patients, but can be considered [37] . A careful review of the clinical course in a few case reports and series depicts a similar clinical course [40] [41] [42] . Hence, one should evaluate the possibility of IRIS in clinical scenarios of TBSS after TB antimicrobial administration.
Hyponatremia is another striking feature in our patients. Hyponatremia is prevalent in patients with pulmonary TB and severity correlates with extensive pulmonary parenchymal involvement and sputum positivity [43] . This correlation depicts the possibility of a high TB bacterial load in patients with hyponatremia. The pathogenies of hyponatremia, though poorly understood, has been linked to inappropriate secretion of the antidiuretic hormone [44] . Hyponatremia, though not statistically significant, has been related to high mortality rates in a patient with pulmonary TB [45] . But the rapid demise of the immunocompetent patients after TB antimicrobial administration begs to ask the question if there is any correlation of hyponatremia to high TB bacterial load and IRIS. To our knowledge, there is no study protocol exploring this specific rationale. Given the scarcity of data, we do want to conclude on this fact of hyponatremia and TB IRIS as an "observation" rather than "strong association".
The pathogenesis and clinical course of TB differ in immunocompromised patients with frequent atypical presentation and extrapulmonary dissemination [46] . TB may lead to worsening of HIV viremia and acceleration of immunosuppression [47] , hence increasing HIV related mortality [48] . In our patient with HIV co-infection, the onset of the septic shock was before the TB diagnosis and medication administration. Clinical findings were suggestive of the disseminated TB. The patient was on intravenous steroids prior to the anti-TB microbial administration. This reveals different pathophysiology then our immunocompetent hosts. The immune dysregulation is more likely from the bacterial infection rather than immune-reconstruction. However, advanced HIV could have contributed to the mortality despite anti-TB microbial administration.
CONCLUSION
TBSS is well recognized and widely reported though at risk of delayed diagnosis because of rare incidence in the United States. Antibiotics administration within 24 hours of the septic shock has been shown to improve mortality outcome in TBSS. High degree of suspicion and sputum NAA can be utilized towards rapid diagnosis and prompt administration of susceptible antibiotics. The pathogenesis of TBSS does differ in immunocompromised patients as opposed to immunocompetent. The paradoxical clinical worsening of patients with TB after susceptible antibiotics administration leading to TBSS does arise the possibility of TB IRIS. Our series though limited to 'observational remark' for TB IRIS as pathogenesis in an immunocompetent host does appeal a need for the future registry to evaluate this phenomenon.
